Intermolecular disulfide bonds between nucleoporins regulate karyopherin-dependent nuclear transport.
Disulfide (S-S) bonds play important roles in the regulation of protein function and cellular stress responses. In this study, we demonstrate that distinct sets of nucleoporins (Nups), components of the nuclear pore complex (NPC), form S-S bonds and regulate nuclear transport through the NPC. Kinetic analysis of importin β demonstrated that the permeability of the NPC was increased by dithiothreitol treatment and reduced by oxidative stress. The permeability of small proteins such as GFP was not affected by either oxidative stress or a reducing reagent. Immunoblot analysis revealed that the oxidative stress significantly induced S-S bond formation in Nups 358, 155, 153 and 62 but not 88 and 160. The direct involvement of cysteine residues in the formation of S-S bonds was confirmed by mutating conserved cysteine residues in Nup62, which abolished the formation of S-S bonds and enhanced the permeability of the NPC. Knocking down Nup62 reduced the stress-inducible S-S bonds of Nup155, suggesting that Nup62 and Nup155 are covalently coupled via S-S bonds. From these results, we propose that the inner channel of the NPC is somehow insulated from the cytoplasm and is more sensitive than the cytoplasm to the intracellular redox state.